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Abstract 
 
The objective of this thesis is to design a buckboost-buck power factor corrector 
(PFC) to drive a string of High Brightness Light Emitting Diodes (HB-LEDs). 
Conventional buck-boost converter is used for power factor correction, but it suffers 
from  issues like the inverted polarity of the output voltage, floating drive 
requirement for its active switch. These issues have been addressed in the proposed 
PFC converter by an integration of buck-boost and buck topologies. The PFC 
converter is able to drive load, with nearly unity power factor, significantly low 
input current total harmonic distortion (THD) with higher efficiency of power 
conversion. The theoretical analysis and operation of the proposed converter with 
an 20W LED load have been verified by simulation in MATLAB/Simulink. Finally, 
the experimental results of a laboratory prototype with an output power of 20W 
supplied from 110v/50Hz are provided to validate the simulation results. 
 
 Nomenclature 
 
CCM : Continuous conduction mode  
PFC  : Power factor corrected  
DCM : Discontinuous conduction mode  
PIV  :  Peak Inverse Voltage  
THD : Total Harmonic Distortion 
SMPS: Switched Mode Power Supplies 
Irms :  R.M.S current 
Ipeak:  Peak current 
HB-LEDs: High Brightness Light Emitting Diodes 
fs :     Switching frequency  
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 Chapter 1 
 
Introduction 
 
1.1 Motivation 
  
These days, high-brightness light-emitting diodes (HB-LEDs) are becoming very 
attractive options for lighting applications because they possess characteristics such 
as low power consumption, high efficiency, long lifespan, low maintenance, 
environmental friendliness (due to absence of mercury), high reliability, high 
robustness etc [1-2].  
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Figure 1.1 (b): Global market for LED lighting 
Source: Digitimes 
The Figure 1.1(a) shows worldwide market share of LED lighting system as of 2010. 
As LED lamps generally last around 50,000 hours against 1000 hours for 
incandescent and 10,000 hours for CFLs, maintenance requirements are less. 
Further, reduction in CO2 emissions by using LEDs is a major advantage. These 
advantages led to the wide spread use of HB-LEDs in LCD backlight, automobile 
industry, traffic light, decorative lighting and general purpose lighting etc. [3-4].  
 
 
 
 
 
 
 
 
 
 
Table 1.1: Comparison of Certain Characteristics of Different Light Sources 
 Incandesce
nt[22] 
 
Halogen
[23] 
 
CFL 
[24] 
 
LED(Cree) 
[25] 
       
LED(LEDNovation) 
[26] 
Purchase 
Price(dollars) 
.41 1.5 .99 9.97 31.50 
Power 
used(watts) 
60 43 14 9.5 9.4 
Lumens 
(mean) 
860 750 775 800 810 
Lumens/watt 14.3 17.4 55.4 84 86.2 
Lifespan 
(hours) 
1000 1000 10000 25000 50000 
Bulb  
lifetime 
inyears@6hou
rs/day 
.46 .46 4.6 11.4 22.8 
Energy cost 
over 20 years 
@13 
cents/kWh 
$342 $245 $80 $54 $57 
Totalcost per 
860 lumens 
860 lumens 
$360 $356 $93 $80 $86 
 
 
 
 
1.2 LED Driver Circuit    
 
The HB-LEDs being diodes are driven by dc supply, but when the supply is an AC 
source, a conventional bridge rectifier along with modern switched mode power 
supplies (SMPSs) is ubiquitously used [5-6]. These cause poor power-factor and high 
total harmonic distortion (THD) owing to their non-linear behavior. High harmonic 
content deteriorates the power quality and is detrimental to the system 
performance [7-8]. To improve the power quality, input power factor and input 
current THD must be within limits of EN 61000-3-2 class C regulations [9]. A 
power factor corrected (PFC) converter can improve the power-factor as well as 
lower the THD which  can be either of two stages or single stage. Despite several 
advantages of a two stage PFC converter, it suffers from certain shortcomings like 
reduced efficiency due to two stage processing of input power, higher cost because 
of higher number of components and reliability [5]. Hence single stage topologies are 
preferred which are more efficient.   
 
1.3 System Description 
 
In order to improve the power quality for LED lightings, an alternative power 
factor corrected converter is proposed. The power factor corrected (PFC) 
Rectifier is a combination of a bridge rectifier and proposed PFC converter. A 
universal voltage controller IC is used to sense the load voltage and correct it as 
per system requirement. 
 
1.4 EN61000-3-2 class C regulation (for 25P  Watts) 
 
 The third harmonic current, expressed as a percentage of the fundamental 
current, shall not exceed 86% and the fifth shall not exceed 61%. 
  The waveform of the input current shall be such that it begins to flow 
before or at 060 , has its last peak peaks per half period(if there are several 
peaks per half period)) before or at 065  and does not stop flowing 
before 090 , where the zero crossing of the fundamental supply voltage is 
assumed to be at 00  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter 2 
 
Proposed Circuit Analysis, Design  
& Control 
2.1 Proposed Circuit 
 
 
 
 
Figure 2.1: Schematic of Proposed PFC Circuit 
 
The circuit diagram of the proposed converter is shown in Figure 2.1. This is a non-
inverting, integrated Buckboost-buck converter. The buck-boost converter consists 
of one inductor  1L , one capacitor  1C , three diodes  , ,1 2 3D D D and one 
controlled switch  1S . The buck-boost converter is operated in discontinuous 
conduction mode (DCM) to improve the input power factor. The output stage buck 
converter consists of one inductor  2L , one controlled switch  2S , one 
diode  4D and one capacitor  CO for providing a constant output voltage. The 
mode of operation of the buck converter hardly affects the input power factor, but 
to achieve several advantages like zero current switching of the controlled switch 
during turn on and fast regulation of the output voltage, the buck converter is 
operated in DCM [12]. Buck-Boost converter is generally preferred for power factor 
correction for it has the highest power factor correction capability when operated in 
DCM. 
 
2.2   Advantages 
The advantages of the proposed integrated PFC converter are as follows: 
 Output and input of the PFC converter are of same polarity during turn on; 
 Sources of the controlled switches 
1
S  and 
2
S  are connected to the same 
potential hence they can be driven by gate pulses without floating drivers; 
 R.m.s current flowing through each controlled switch is reduced at the 
expense of two separate switches 
1
S  and 
2
S  for buck-boost and buck stages 
respectively reducing current stress across the controlled switches thereby 
decreasing the conduction loss and increasing the efficiency. 
 
2.3   Analysis of the proposed circuit  
To analyze the proposed converter fallowing assumptions are made for better 
understanding [12]: 
 The input supply voltage is a pure sine wave free from all kinds of non-
linearity i.e. sinV V tmS  , where Vm is the peak amplitude and   is the 
angular frequency of the supply voltage; 
 All the components of the PFC converters are taken as ideal which will 
make the analysis simpler. 
 Switching frequency is taken very large compared to the supply frequency, 
so input voltage can be assumed as almost constant during one switching 
period Ts ; 
 
1
L and 
2
L values are taken such as both will operate in DCM and 
1
L  enters 
DCM before 
2
L  
 To achieve a low ripple at the output voltage, a large capacitor C
O
 is 
taken. 
The operation of PFC can be described in four different modes as shown in Figure-
2.3 over one switching cycle . 
 Mode-I  0 1t D Ts  : Prior to this mode, the capacitor 1C  stores energy from the 
discharge of the input inductor 
1
L  and becomes fully charged. This mode is 
described in Figure-2.4(a). Let’s assume that at the start of this mode the initial 
currents through 
1
L and 
2
L  are zero because both the inductors are made to 
operate in DCM. This mode starts when both the switches  
1
S  and 
2
S  are turned 
ON simultaneously at time t=0. Diodes 
3
D  and 
4
D  are reverse biased whereas 
only diode 
1
D  is forward biased during this mode. Input inductor 
1
L  comes directly 
across the input rectified voltage source sinV V tmS  and gets charged by the 
supply voltage itself. The input current  Iin passes through inductor 1L  and switch 
1
S  .Inductor current 
1
I
L
 
 
 
and 
1
S  switch current 
1
I
S
 
 
 
 increase linearly as can be 
seen in Figure-3. The peak values of the current through the switch, inductor 
current and supply current are as follows: 
 sin
1
1 1 1
Vm
I I I D TsinL S Peak LPeak Peak

                           (2.1) 
During this mode the capacitor discharges and the current freewheels 
through 
2
L  , load, 
2
S and  and 
1
D  the respective current waveforms can be 
seen in Figure-2.5.  
Mode-II (
1
D T
S
< t  <
2
D T
S
) : This period begins with the removal of gate pulses 
to both the switches and 
1
I
S
,
2
I
S
fall to zero instantaneously causing the switches 
1
S  and 
2
S  to be reverse biased. The currents 
1
I
L
 and 
2
I
L
 start to decay linearly.  
1
I
L
freewheels through 
1
L , 
3
D , 
1
C  and 
2
D  till it decays to zero at  and 
1
C  gets 
charged by this  discharging current. In a similar fashion, 
2
I
L
 freewheels through 
2
L , load and 
4
D   as can be seen from Figure-2.4(b).The respective current 
waveforms can be seen in Figure-2.5. 
Mode-III (
2
D T
S
< t  <
3
D T
S
): In this mode, the current 
2
I
L
 continues to decay 
linearly till it becomes zero at .Figure-2.4(c) illustrates this mode of operation and 
the current waveforms can be seen from Figure-2.5. 
Mode-IV (
3
D T
S
 < t  <T
S
 ): During this mode, the output bulk capacitor C
O
 
energizes the load. Generally, the capacitor taken is large enough to provide an 
almost constant output voltage. 
 
Figure 2.4 (a): Equivalent circuit in Mode-1 operation 
 Figure 2.4 (b): Equivalent circuit in Mode-2 operation 
 
 
Figure 2.4 (c): Equivalent circuit in Mode-3 operation 
 
 
 
 
 
 
Figure 2.4 (d): Equivalent circuit in Mode-4 operation 
 
 
Fig.2.5 Different current waveforms of the proposed PFC converter during one Ts  
  
Figure 2.5: Input Current To the PFC During Half-line Period 
 
The input buck-boost converter operates in DCM. The input current is tringular in 
nature as can be seen in the above Figure 2.5. 
sin
1
1
V tm lI D Tsin Peak L

                                                               (2.2) 
1 1
12
I I D Tsin inavg peakTs
                                                      (2.3) 
2
sin
1
2
1
D V tm lIin avg L fs

                                                                    (2.4) 
Assuming the input voltage and input current to be be in phase, the input power to 
the converter is  
1
2
P V Im min avg
                             
2 2
1
4
1
D Vm
Pin avg L fs
                                                                          (2.5) 
Output load power assuming the load voltage is constant 
2
V
OP
O avg R
load
                                                                             (2.6) 
With an assumption of 100% efficiency[15],            
P Pin O
                                                                                
22 2
1
4
1
VD Vm O
L f Rs load
                                                       
1
12
D Vm
V
O L fs
R
load
                                                                                                        (2.7) 
Equation(2.7) indicates that the output voltage not only depends upon on 
period  1D  but also on buck-boost inductor  1L ,switching frequency  fs  and 
load  Rload . Varying any one of them will result a change in the output voltage. 
From Equation(2.7), we can also determine the approximate value of 
1
D which will 
be described later in this section. All the analysis done below in this section are 
similar to the analysis done in[17, 18]. 
           
 
 
 
 
 
 
 
 
  
Figure 2.6: Voltage wave form across the buck-boost inductor 
 
 
Figure 2.7: Voltage wave form across the buck inductor 
Figure 2.6 shows the voltage waveform across the buck-boost inductor  1L . 
Applying volt-sec balance across 1L , we will get 
 1 2
1
D V t V Ds C
                    
  
 
1 2
1
V ts
D D
V
C
  
 
 
 
 
 
                                                                                       (2.8)             
Figure 2.7 shows the voltage waveform across the buck inductor  2L . Applying 
volt-sec balance across 
2L , we will get 
 1 2 3
1
V V D V D D
C O O
  
 
 
 
                           
1
2 3 1
V V
C O
D D D
V
O

  
 
 
 
 
                                                                             (2.9)             
Putting the equation (2.8) in equation (2.9), we will get 
 1
3 1
1
V V
C O V ts
D D
V V
O C

  
 
 
 
  
                                                                     (2.10)             
2.3.1 R.m.s current rating of the Switches and Reactive components 
Mathematical derivation of r.m.s current rating of the switches and reactive 
components are done in this section [17, 18]. The results are then compared with 
the simulation results in next section which will be helpful in selecting devices of 
proper rating for hardware implementation. 
 Figure 2.8: Current wave form of the buck-boost inductor 
The above figure shows the current flowing in 1L . As the inductor is being operated 
in DCM, the current waveform is triangular in nature. The current rises till OnT  
before falling to zero at the end of 2 sD T period. The formula for r.m.s current of the 
switch over the switching period sT  is  
 1 2
, , 31 1
D D
I I
L rms L peak
Ts

                                                                  (2.11)             
Using the Equation (2.8) in the current formula above, we will get 
 1 1
, , 31 1
1
D Vs
I I
L rms L peak VT Cs

    
     
3
1
1
, 31 1
1
DV Vs s
I
L rms f L VT s Cs
 
                                                      (2.12)             
Where  
 
1,
1 1
Vs
I D
L peak f Ls

  
The formula for the r.m.s current over the half-line period
2
LT 
 
 
 can be found out 
by integrating over the half-line period 
 
 
 
2
3
1 1
1
, 31 01
1
TL
D Vs
I V dsL rms f L Vs C
 
 

                           (2.13)             
 
 
Figure 2.9: Current wave form of the buck inductor 
The above figure shows the current flowing in 2L . As the inductor is being operated 
in DCM, the current waveform is triangular in nature. The current rises till OnT  
before falling to zero at the end of switching period. The formula for r.m.s current 
of the switch over the switching period sT  can be found out in a similar manner 
1 2 3
, 32 2,
D D D
I I
L rms L
peakTs
 
                                         (2.14)             
Using equations (2.9),(2.10)and(2.14), we will get 
   2, 1
, 1 1 132
1 1
I V VL C OV Vpeak s s
I D D D
L rms V V VT C O Cs
 

    
 
 
 
  
 
 
3
11 1
, 32 2
V V VC O D C
I
L rms f L VT s Os

 
 
  
   
 
 
                                           (2.15)           
Where  
1
1
2, 2
V V
C O
I D
L peak f Ls


 
 
   
The formula for the r.m.s current over the half-line period
2
LT 
 
 
 can be found out 
by integrating over the half-line period 
 
 
2
3
11 1
, 32 2
TL
V V VC O D C
I
L rms f L Vs O


 
 
                                   (2.16)     
 
Figure 2.10: Current wave form of the Switch S1 
The above figure shows the current flowing through 1S .The current rises till OnT  
before falling to zero at the end of ON period. The current through the switch is 
identical with the current flowing through the inductor till onT .The formula for 
r.m.s current of the switch over the switching period sT  can be found out in a 
similar manner 
1
, , 31 1
D
I I
S rms S peak
Ts
  
   
3
1
, 31 1
DVs
I
S rms f LT ss

                                                                  (2.17)                 
Where 
 
 
, 1
1 1
Vs
I D TsS peak L

  
The formula for the r.m.s current over the half-line period
2
LT 
 
 
 can be found out 
by integrating over the half-line period 
 
2
3
2 1
, 31 1
TL
DVmI
S rms f Ls
                                                (2.18)                 
 
Figure 2.11: Current wave form of the Diode D4 
2 3
, , 34 4
D D
I I
D rms D peak
Ts

                                                             (2.19)                 
Putting the values of 
2D and 3D  from equations (2.8),(2.10)in the above equation, 
we will get 
   ,4 1
, 1 134
1 1
I V V
D peak C OV Vs s
I D D
D rms V V VT C O Cs
 

   
 
 
 
  
 
 
3
11 1
, 34 2
V V V VC O D C O
I
D rms f L VT s Os
 
 
 
 
                                      (2.20)                
Where  
1
1,
4 2
V V
C O
I D
D peak f Ls


 
 
 
 
The formula for the r.m.s current over the half-line period
2
LT 
 
 
 can be found out 
by integrating over the half-line period 
 
2
3
11 1
, 34 2
TL
V V V VC O D C O
I
D rms f L Vs O
 

 
 
                              (2.21)                 
 
 
Figure 2.12: Current wave form of the Switch S2 and Diode D1 
1
, , 32 2
D
I I
S rms S peak
Ts
                                                 (2.22)                 
From Figure (2.5), it is apparent that the current flowing through 
2S and 1D are 
identical 
 
3
11
,, 312 2
V V
C O D
I I
D rmsS rms f LTT sss

  
 
 
                     (2.23)                 
Where 
1
1, ,
2 1 2
V V
C O
I I D
S peak D peak f Ls

 
 
 
   
The formula for the r.m.s current over the half-line period
2
LT 
 
 
 can be found out 
by integrating over the half-line period 
 
22
3
11
,, 312 2
TT LL
V V
C O D
I I
D rmsS rms f Ls

 
 
 
                        (2.24)                 
 
Figure 2.13: Current wave form of the Diodes D2 and D3 
2
, , , 32 3 1
D
I I I
D rms D rms L peak
T Ts s
                             (2.25)                 
Using the value of 
2D from Equation (2.8) ,we will get 
 1
, , , 32 3 1
1
D Vs
I I I
D rms D rms L peak VT T Cs s

    
     
3
1
, , 32 3 1
1
DV Vs s
I I
D rms D rms f L VT T s Cs s
 
              (2.26)                 
Where 
 
1, ,
2 3 1
Vs
I I D
D peak D peak f Ls

   
The formula for the r.m.s current over the half-line period
2
LT 
 
 
 can be found out 
by integrating over the half-line period 
 
 
 
2 2
3
1 1
, , 32 3 01
1
T TL L
D Vs
I I V dsD rms D rms f L Vs C
 
 

     (2.27)                 
 
Figure 2.14: Current wave form flowing through 1C  
From Figure 2.14  
1
, 2 1, ,21 2 1
I I D I D
C avg L peak L peak
Ts
 
 
 
 
 
 
22
11
, 21 2 1
1
V V
C OD Vs
I
C avg f L V LT s Cs


  
  
  
  
 
 
 
                                   (2.28)                 
The formula for the r.m.s current over the half-line period
2
LT 
 
 
 can be found out 
by integrating over the half-line period 
 
2
22
1 11
, 201 2 1
1
TL
V V
C OD Vs
I d
C avg f L V Ls C
 



 
  
  
  
 
 
 
                           (2.29)                 
Assuming that the current through the capacitor reach a steady state over a half-
line, we will equate the above equation to zero 
2
2
21 1
1
L Vm
V V
C O L V
C
                                                                                   (2.30)           
Calculation of Approximate value of 
1
D  
Method 1: 
Calculation of 
1
D  is done as described below[17, 18]. Figure2.8. resembles the 
output current over one switching cycle. The average value of the output current 
over the switching cycle 
 1, 1 2 32 2,
I D D D I
O avg L peakTs
                                             (2.31)           
Using the Equations(2.15) and (2.17) 
2
1 1 1
, 2
2
V V V
C O CD
I
Oavg f L VT ss O


   
   
   
   
                                                   (2.32)           
Solving the Equation (2.38) 
2
2
1
1 1
V I f LsO OD
V V V
C C O


 
 
 
                                                                           (2.33) 
Solving the Equation(2.30) and Equation(2.33) and neglecting the ripple in 
1
V
C
, we 
will get 
1
D  as .15 
 
Method 2: 
From Equation(2.7), we can get an approximate value 
1
D  by using all the 
operating conditions 
i.e. 
155.54V vm   
48f kHzs   
80R
load
   
140
1
L    
40V v
O
  
With above values, we will get 
1
D approximately equal to .15 
Calculation of the buck-boost inductor 
The gain of the system when both the stages are operating in critical conduction 
mode  
 
2
1
1
1
V D
O
V DS


                                                                                          (2.34)             
Using the operating conditions (i.e.  V
O
 andV
S
), 
1
D crit  can be calculated. Using 
the Equation (2.5) and
1
D crit , the buck-boost critical inductance value 1,L crit  can 
be calculated. To make the input buck-boost converter operate in DCM, we need to 
take inductance value lesser than that. 
Under the rated condition (i.e. 40V v
O
 and 155.54V v
S
 ), solving equations (2.5) 
and (2.34), the   value of 
1,
L
crit
 can be calculated as 978.64µH. If we use any 
inductance 
1 1,
L L
crit
  the input buck-boost stage will operate in DCM. For the 
present application, 
1
L   is selected as 140µH. 
Calculation of the buck inductor 
The output buck converter is being operated in discontinuous conduction mode. For 
finding the required 
2
L , we have to analyze by taking the output buck converter in 
critical conduction mode. 
     
 11 1
2
V D Ds
I
f Ls

                                                         (2.35) 
Equation (2.35) is an expression for the ripple content in the inductor current valid 
for both critical and continuous conduction mode .For critical conduction mode, 
    2I I
O
                                                                      (2.36) 
Using Equation (2.35) and 
1,
D
crit
from Equation (2.36), 
2,
L
crit
can be calculated. 
We need to select 
2
L < 
2,
L
crit
for the buck converter to operate in DCM. 
Under the rated condition (i.e. 40V v
O
 , 155.54V v
S
  and 80R
load
  ), solving 
equations (2.35) and (2.36), the   value of 
2,
L
crit
 can be calculated as 770.2µH. If 
we use any inductance
2
L <
2,
L
crit
, the input buck-boost stage will operate in DCM. 
For the present application,  is selected as 90µH. 
Calculation of the storage capacitor 
Calculation of the storage capacitor is done using the below written formula [15] 
2 2
1
81 1 1
1
D V
SV
C V L C f fsC l

                                                        (2.37)                                                                          
Calculation of capacitor is done after calculations of 
1
V
C
 from Equation (2.36) and 
1
D  from Equation (2.33). With 5% ripple (i.e. 0.05
1 1
V V
C C
   ),from Equation 
(2.37) 
1
C can be calculated as 106.6µF. For the present application 
1
C  is taken as 
100µF 
Table 2.1: Theoretical Voltage ratings of the semiconductor switches 
Switches PIV across the switch 
Mosfet
1
S  
1
V Vm C
  
Mosfet 
2
S  
1
V Vm C
  
Diode  
1
D  Vm  
Diode  
2
D  Vm  
Diode  
3
D  
1
V
C
 
Diode  
4
D  
1
V
C
 
  
 
 
Table 2.2: Theoretical Voltage ratings of the Inductors 
Inductor Voltage  
  
 
1
L  Vm  
   
2
L  
1
V V
C O
  
 
Table 2.1 and Table 2.2 contain the theoretical voltage ratings of semiconductor 
switches and the inductors. The values obtained from mathematical formulae are 
compared with the simulation results in the last section which will help us choose 
device of proper voltage ratings. 
 
2.3.2 Voltage Controller ic 
 
 
Figure 2.15: Pin diagram of the SG3525 voltage controller IC 
 A universal voltage controller ic SG3525 is used for controlling the output voltage. 
The Voltage controller ic and the block diagram are shown in Figures 2.15 and 2.16 
respectively [27, 28]. Pins 1 (Inverting Input) and 2 (Non Inverting Input) are the 
inputs to the on-board error amplifier. It is like a comparator which increases or 
decreases the duty cycle depending on the feedback and the voltage level on the 
non-inverting input Pin-2 respectively. 
Duty cycle increases when the feedback voltage is greater than the voltage on the 
Non-Inverting Input. 
 
Figure 2.16: Block diagram of SG3525 voltage controller IC 
 
Duty cycle decreases when the voltage on the Non-Inverting Input is greater than 
the feedback voltage. 
The PWM frequency is decided by C
T
 and R
T
 which are connected between Pins 
5,6 and ground respectively. The resistance between pins 5 and 7   RD  determines 
the deadtime (and also slightly affects the frequency).  
 
1
.7
fs
C R R
T DT


                                                  (2.38) 
Equation (2.38) denotes the switching frequency. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter 3  
 
 
Simulation Results 
 
Table 3.1: Circuit components used for simulation 
Components Value 
1L  140 H  
2L  90 H  
1C  100 F  
oC  200 F  
 
Table 3.1 contains the circuit components used for the simulation studies. The 
value of the components are calculated using the formulae derived in the previous 
section Generally EMI filters are used at the front end of PFC rectifiers for 
reduction of radiated as well as conducted EMI. The primary objective here is to 
design a prototype of a PFC converter instead of designing EMI filter. Hence, filter 
components are chosen based on the availability in the laboratory so that we can 
use the same for hardware implementation. 
Table 3.2: Filter components used for simulation 
Components Value 
L
f
 1m  
C
f
 1 F  
 
 Table 3.3: Circuit Specifications 
Specification Value 
Supply Voltage  VS  110Vrms ,50Hz 
Switching Frequency 
 fs  
48kHz 
Output Power  PO  20 W 
Load Voltage  VO  40 V 
Equivalent Load 
Resistance  Rload  
80Ω 
 
The results are shown below 
 
Figure 3.1(a): Simulation results of the supply voltage 
 
 Figure 3.1(b): Simulation results of the supply current 
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Figure 3.2: Harmonic content of the supply current relative to the fundamental 
 
 
 Figure 3.3: Simulation result of the Load voltage 
 
 
Figure 3.4: Simulation results of the gate pulse and storage capacitor current 
 
 
Figure 3.5: Simulation results of the inductor 
1
L current 
 Figure 3.6: Simulation results of the inductor 
2
L current 
 
Figure 3.7: Simulation results of the Mosfet 
1
S current 
 
Figure 3.8: Simulation results of the Mosfet 
2
S  current 
 
 Figure 3.9: Simulation results of the voltage across the switch 
1
S  
 
Figure 3.10: Simulation results of the voltage across the switch 
2
S  
 
Figure 3.11: Simulation results of the input voltage to the PFC rectifier 
 
Chapter 4  
 
 
Hardware implementation and Results 
4.1 Hardware Implementation 
 
Figure 4.1: Complete circuit diagram of proposed PFC converter circuit 
 
Proposed PFC circuit is designed for input 110Vrms and output 40 volt (DC). A 
proto type of this PFC circuit is developed in the laboratory. The schematic of the 
circuit is given in Figure 4.1. 
 
 
 
Table 4.1: Component Rating Comparison 
Components Current 
Rating(maximum)(A) 
Voltage Rating(V) 
 
From 
Formulae 
From 
Simulation 
From 
Formulae 
From 
Simulation 
Mosfet
1
S  3.84 3.95 265.54 258.3 
Mosfet 
2
S  2.69 2.65 265.54 258.3 
Diode  
1
D  2.69 2.65 155.54 153.8 
Diode  
2
D  3.84 3.85 155.54 158.3 
Diode  
3
D  3.84 3.85 110 116 
Diode  
4
D  2.69 2.52 110 117 
Inductor 
1
L  3.84 3.85 155.54 117 
Inductor  
2
L  2.69 2.52 70 78 
 
Table 4.1 contains voltage as well as current ratings of different components. These 
ratings calculated from the formulae derived in the previous section are compared 
with the ratings observed from the simulation. It can be seen that both the ratings 
are almost equal. Hence, the components are selected with similar ratings for 
hardware implementation. 
 
 
Figure 4.2: Experimental Set up 
4.2 Experimental result 
 
Figure 4.3(a): Input voltage Vs Input current 
 Figure 4.3(b): Input voltage Vs Input current (superimposed) 
 
In the Figure4.3(a) and Figure4.3(b), the yellow one is the supply voltage and the 
green one is the supply current respectively. The input voltage and the input 
current are almost in same phase resulting in a pf close to unity. In the above 
figures X-axis is the time axis and Y-axis is the input voltage axis/current axis. It 
can be seen that the current waveform is satisfying all the angle conditions between 
the supply voltage and supply current as set by EN61000-3-2 class C regulations. 
 
 
 Figure 4.4: Harmonic content of the supply current relative to the fundamental 
Figure 4.4 shows the relative harmonic (3rd ,5th )with respect to the fundamental. 
It can be seen that it satisfies all the harmonic conditions as set be EN61000-3-2 
class C regulations 
 
 
Figure 4.5: Output voltage for 20W load 
 
Figure 4.5 shows the load voltage. The desired load voltage is 40volt. The load 
voltage is almost constant with a very less amount of ripple content (<0.01%). The 
constant load voltage is a primary requirement for driving HB-LEDs which is 
successfully achieved by closed loop controller. In the above figures X-axis is the 
time axis and Y-axis is the output voltage axis. 
 
 
Figure 4.6: Voltage profile across switch 
1
S   
 
Figure 4.7: Voltage profile across switch 
2
S  
The Figure 4.6 and 4.7 show the input voltage across the switch 
1
S  and switch 
2
S respectively which are well in agreement with the simulation results we got in 
the previous section. In the above figures X-axis is the time axis and Y-axis is the 
voltage axis. 
4.3 Transient study 
Transient study is essential for analyzing the controller behavior in case of a sudden 
change in the load or line variation. The PFC converter operation must not be 
affected by undue oscillations resulting out of the transients. The function of the 
controller is to cause the output voltage to return to its steady state in minimum 
possible time without affecting the performance of the LEDs 
 
 
 Line Transient 
 
 
 
Figure 4.8: Set-up for studying line transient 
Figure 4.8 shows the set-up used for analyzing the output voltage under the line 
transient. The supply voltage is suddenly applied at t=0. A 5 amp fuse is used for 
providing protection under any abnormal condition. 
 
Figure 4.9: Output voltage under line transient 
 Figure 4.10: Output voltage under line transient 
 
Figure4.9, 4.10 show the load voltage under line transient in two consecutive 
experiments. In both the experiments, it can be seen that the time taken by the 
output voltage to achieve the steady state output voltage is less than 6 millisec 
which is satisfactory. 
 
 
 Load transient 
 
Figure4.11: Set-up for studying line transient 
Figure4.11 shows the set-up used for creating a line transient like situation in 
laboratory environment. Two 80ohms are connected through a relay in the starting 
and are disconnected at a certain instant for creating load transient. 
 
 
Figure 4.12: Output voltage under load transient 
 
 
Figure 4.13: Output voltage under load transient 
 
 
 
 
 
 
 
  
Conclusion 
A Buckboost-Buck type PFC converter is proposed to drive HB-LEDs. The buck-
boost converter is operated in DCM to improve the power-factor and lower the 
input current THD. The proposed converter is simulated in Matlab/Simulink. The 
input current and input voltage satisfy the general angle requirement as set by 
EN61000-3-2 class C regulation. The harmonic content of the input current is well 
below the requirement as set by EN61000-3-2 class C regulations. A prototype of 
the proposed non-inverting, integrated Buckboost-buck of 20 watt is designed and 
tested with a supply of 110Vrms. SG3525 IC is used as a voltage controller for 
controlling the output voltage. The input angle requirement and supply current 
THD are well within the norms laid down by IEC 61000-3-2 class C regulation. The 
DC voltage output is found to be almost constant which ensures that the current 
flowing through the LED lamp would remain constant. 
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